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Education has been explicitly recognized as a critical issue for human societies at

least since the Greek classical period of Socrates, Plato, and Aristotle, and this

recognition almost certainly extends back even earlier. Good education with an

emphasis on a healthy mind and body is the foundation of a strong nation, and is thus

essential for national security and prosperity. Conventionally, the discipline of

education has been looked upon as one of the humanities. Important books on

education have been written by Plato, Rousseau, Steiner, Langevin, Wallon and many

others. Langevin was the chairman of the committee for making the new educational

plan of France after the World War II. It should be emphasized that the important part

of Langevin's thought on education might come from the Curies who discovered

radium in 1898.

The most general meaning of the word education is the physical and mental

upbringing of children. Its origin, however, is in the Latin word educatus (e-duc-tus),

which refers to the directional guidance of learning. Education and learning are

closely related concepts, but differ in that education deals with the external provision of

concepts while learning deals with the internal generation of concepts in response to

external stimuli (including concepts). That is, a learner is a subject developing

independently, but can also be an object of guidance by education. This essential

distinction can be examined from the viewpoint of natural science as well as that of the

humanities.

An early consideration of education from a biological viewpoint is seen in an

experiment performed by Immanuel Kant, although the importance of this work is yet to

be recognized in any relevant field of scholarship. In one of his duties as a professor of

philosophy at the time, Kant held a class in pedagogy. After Kant's death, his colleague

Link published the notebooks Kant had prepared for his lectures on education. Kant

deeply considered the origin of education, and found that birds are the only creatures

other than human beings to have education. He did this through an experiment where he

placed a sparrow's egg in a canary's nest. The sparrow raised by canaries was somehow

able to sing. Kant had thus discovered that bird song is a culture. It should be

emphasized that even chimpanzees do not have education.

In this lecture, I will discuss concepts of learning and education that have been

expressed in terms of the viewpoint of natural science, and will propose a new way to

study learning and education based on functional brain imaging.

From a biological viewpoint, learning and education are closely related to brain

development because the brain is an adaptable information processor that is open to

environmental stimuli. Stimuli from the environment cause new neuronal connections
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to form, which in turn allow better adaptation to the environment. Learning is the

process by which the brain reacts to stimuli by making neuronal connections that act as

information-processing circuits and provide information storage, somewhat like a

database. Therefore, a biological viewpoint is essential to the study of learning and

education, although this has not been a major concern in the discipline of education to

date. From this point of view, education should be designed to guide and inspire the

construction of the basic architecture for information processing in the brain by

preparing and controlling the input stimuli given to the learners.

The components and basic architecture of the brain are created on the basis of

information contained in the genes. However, there is a great deal of room left for

epigenetic processes, i.e., processes that are free of genetic control, and stimuli from the

environment strongly affect substantial parts of the brain. In other words, the genes

generate a great potential for various functions of the brain, but a suitable environment

is required to stimulate healthy brain development, that is, nurture the expression and

integration of brain functions. Education is the process in which learning is guided to

provide an optimal environment for such development.

Learning and education can thus be studied as a new field of the natural sciences

that takes the entire human life span as its subject and encompasses a huge variety of

problems, including the fetal environment, childcare, language acquisition,

general/special education, and rehabilitation. Noninvasive imaging of higher-order brain

functions in humans will clarify the brain's developmental processes, and will provide

various pieces of evidence for the learning sciences. This new approach is called

"Brain-Science & Education".

When we consider the Earth's biosphere, we might regard it as being driven by the

great thermal engine formed between the Sun and the wider universe. The biosphere is

irradiated by higher energy and lower entropy photons from the Sun, and in turn emits

lower energy and higher entropy photons into space. This great thermal engine induces

both global water circulation and life cycles within the biosphere. Life could be defined

as a self-reproducing system that uses energy to produce negentropy. Figure 1 shows

the linkage between life and the universe.

Figure 2 shows the evolution of life from the informational viewpoint. The Big

Bang is thought to have happened about 13,500 million years ago. We cannot know

anything before the Big Bang. This is one of the basic limitations of science. Isotopic

analysis of meteorites indicates that the solar system was born about 4,600 million years

ago. Life is thought to have appeared about 3,800 million years ago. Information

adapting life to the environment has been accumulating in genes over very many
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generations and central nervous systems have been evolving since about 300 million

years ago. The feature of information processing by a central nervous system for

adaptation is that learning, and thus adaptation, takes place within a generation.

Therefore, the relation between genetic and epi-genetic processes is the key to a more

scientific view of education.
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Figure 2 Evolution of life from the informational viewpoint
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As an extension of the pioneering columnar structure studies on the primary visual

cortex by the Nobel laureates Hubel and Wiesel, many researchers in the 1980s studied

the critical period for the formations of these structures. If a baby cat is raised in an

environment surrounded only by vertical stripes, it becomes incapable of seeing

horizontal lines, and remains so throughout its life. The right-hand photograph shows

the structure of orientation columns in the cat's primary visual cortex. If stimuli from

the environment do not include horizontal lines, the columns responsible for horizontal

lines disappear through the process of neuronal elimination. Therefore, even formation

of the visual system in the brain is attributable to a leaning process that has a critical

period. Figure 3 shows cat raised in an environment of vertical stripes.
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Figure 3: Cat raised in an environment of vertical stripes

Figure 4 shows learning and brain development over a life-span. Learning categories

are learning in infancy, in childhood, and across a life from birth to death. A curriculum

based on critical and sensitive periods might be possible. Examples are given in this

slide. The time scale is logarithmic.

Completely noninvasive brain-function imaging methods are essential if we are to

apply the concept of "Developing the Brain" or "Brain-Science and Education" to

practical problems. This figure is for comparison of the methodologies of higher-order

brain-function imaging. We currently have three noninvasive imaging methods. Since

each method has both merits and limitations, we sometimes use all three methods

complementarity. Figure 5 shows brain-function measurement.
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Figure 4: Life-long learning and education
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Figure 5: Brain-function measurement

We to study functional recovery in early infant brains also used optical topography,

and again found incredible plasticity; motion despite an almost complete defective of

internal capsule; speech despite severe left-hemispheric damage; and complex motion

despite an almost complete lack of a cerebellum. Figure 6 shows functional recovery in

the early-infant brain.

More precise tests were performed in Italy by a group that included many of the

same workers. These results were recently reported in the Proceedings of the United
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States National Academy of Sciences. Subjects were again neonates within 5 days of

birth, but the mother tongue in this case was Italian. Listening to Italian produced

stronger activation than listening to a reverse tape or silence. The reverse tape of course

contains the same sound components, i.e., frequency and power spectra, but no words or

language. We are planning to continue tests of this kind, next looking at the mother

tongue vs. foreign languages. Figure 7 shows brain activity in hearing the mother

tongue.
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Figure 7: Brain activity in hearing the mother tongue
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